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I A method for maximizing the effective life and 
utUbcaflon of C02-absorbent material In a rub- 
ber eysfam (10) for renv3ving carbon dioxide 
from an air Inflow to a nwtainair battaiy (12) or 
ftjei cell oomprfoes providing, In euch a battery, 
a hou^ (14) Including a gas inlet (16). a gaa 
outlet (18). and at least one removable, ga»- 
permeabla container (20a,20b,20c) containing a 
CXVabaorbent material ^), the container be- 
ing poattkmed acroaa the ftow path of gaa 
entering eaid inlet and exiting said outl^ Alter 
a predetennined utOizatkm of the system, the at 
least one removable, ga»Dermeable container 
la removed thereHrom and spent OO^abaorbent 
matarial from the ooniainar ia regenerated for 
rause In the acmbber ayetem, the regeneratkin 
including at lea^ periodlcafly removing ac- 
cumulated Group 1a carbonate depcsite. 
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The present inv ntion relates to a scrubb r sys- 
tem for removing carbon dioxide from a metal-air or 
fuel cell battery. 

More particularly, the present invention relates to 
such a scrubber system and to a method f^* maximiz- 
ing the effective life and utilization of carbon dioxide- 
absorbent material in such a scrubber system. 

As Is known, and as described, e.g., In U.S. Pa- 
tent No. 3,909.206. alkali electrolyte fuel cells and 
metai-air batteries require a dean fuel and a clean ox- 
idant to generate power. Many oxidants, such as air 
and all but the most pure, and ther^re the most ex- 
pensive, <»cygen supplies and some fuels contain car- 
bon dhxxide (CO2) which, when brought Into contact 
with the electrolyte, combine with the electrolyte to 
form carbonates. The formation and presence of car- 
bonates in the electrolyte decreases the voltage of 
the cells and batteries, and eventually causes their 
feilure. 

For this reason, a CO2 scrubber system is appli- 
cable to a metal-air or fuel cell battery (e.g., zino-air 
battery, hydrogen-air fuel cell) with an allffillne elec- 
trolyte (e.g., aqueous KOH) and Incorporating an air 
electrode, supplied with air as the cathodic reactant 
Regularau-contolns about 400 ppm of CO2, and if this 
CQ2 Is not removed, the CQ2 can react with the KOH 
to form potassium carbonate (K^0«). whteh will grad- 
ually build up In the allcaline electrolyte. 

2KOH + CO2 = K2COS + H2O (1) 

K2CO3 not only reduces the conductivity and al- 
kalinity cf the KOH. gh/ing poorer cell polarization 
characteristics, but bebig less soluble than KOH, can 
deposit cart)onate crystals in the pores of the air elec- 
trode, especially in the presence of other sparir^ly 
soluble ions, such as zincates and aiuminates In the 
electrolytes of zinc-air and alumlnum-air oeDs respec- 
tively. These crystals can cause leaks and shorten 
the life of air electrodes. 

The general absorption reaction of CO2 by alkali 
metal hydrc»clde (MOH) may be written: 

2M0H + CO2 = M2COS + H2O (2) 

The prior art has therefore suggested the use of 
a scrubber system containing alkali hydroxide gran- 
ules, held as a compact bed In a suitable container 
whose dimensk>ns, the granule size, the granule 
loading and degree of packing of the granules are de- 
termined by such factors as the required airflow rate 
and flow time through to the battery, permitted pres- 
sure drop across tt» granule bed, permitted CO2 exit 
concentratton and degree of absorptton required 
within the bed. Advantageously, the granules are re- 
tained between plastic screens somewhat finer than 
the granule dimensions, and the scrubber system 
may be advantageously fitted with dust-r^ning f II- 
tere andfor moisture or dropi ^relHlnlng demistera. 
Wh n the bed Is n longer effective for scrubbing and 
CQ2 breakthrough occure, as shown, for exampi .vis- 
ually (by a ootor change of a chemical indicator Im- 



pregnated on the granui s, which signals chemteal 
exhaustion of th bed) or electronically (by the output 
of a CO2 detector, for example of the infra-red type, 
showing CO2 levels above a certain predetermined 
5 value, for example, SO ppm), the bed must be re- 
placed. 

There is therefore a need for a scrubber system 
of special applicatbn to serviceable batteries of the 
above type (e.g., mechantealiy-rechargeable zino-air) 

10 wherein there Is a need to periodically maintain the 
CO2 scrubber system, and It is desirable, for econom- 
ical and/or ecological reasons, to reprocess the spent 
scrubber active material rather than simply disposing 
of spentscrubber material and using offresh material. 

IS U.S. Patent No. 3,909.206 teaches a scrubber 
using finely-ground alkali hydroxide particles mbced 
with fine particles of a hydrophobic material, such as 
pdytetrafluoroethylene, for removing carbon dioxide 
from a gas stream to a concentration of less than 0.25 

20 ppm. 

Although CO2 levete may be reduced to less than 
0.25 ppm, no nneans are provided for reprocessing 
the scrubber material, or for extending the effective 
life thereof. 

25 U.S. Patent Na 3,990,912 for hydrogen-air fuel 
cells with alkaline electrolytes uses electrochemical 
means to convert I^COs In the cell electrolyte back to 
KOH, by means of an additional regenerator cell sys- 
tem with circulating electrdyte that consumes hydro- 

$0 genwhen Itoperates.Thismaybetoocompiex. heavy 
and parasitic as to power needs for a mobile system 
application (e.g., an electric vehtele) and. requiring a 
source of hydrogen. wiD not be applicable to non-hy- 
drogen systems (e.g.. aluminum-air). 

SB U.S. Patent No. 4,047,694 des(^bes a scrubber 
element comprised of spaced-apart corrugated lay- 
era of porous PVC Impregnated with COrabmbIng 
soiutk>n (e.g., 10 Moles/liter aqueous KOH). Although 
means for reuse of the element are described (column 

40 3, lines 49-62), comprising rinsing with water, drying 
and relmpregnatlon with absorption solution, no 
means are given for reprocessing of the spent absorb- 
er to give fresh absort>ent free of carbonate deposits, 
or for extending the effective life thereof by mechan- 

4S icai means. 

In light thereof, there Is now provMed. according 
to the present invention, a nnethod for maximizing the 
effective life and utilization of C02-absorbent materi- 
al In a scrubber system for removing carbon dioxide 

eo frem an air inftow to a metal-air battery or fuel cell, 
comprising providing in such a battery a housing In- 
cluding a gas Inlet, a gas outlet and at least one re- 
movable, gas-permeable conteiner conteining a CO2- 
absorbent material, said container being positioned 

es across the ftow path of gas nteringsaidlnl t and ex- 
iting said outlet; wherein, after a predetermin d utili- 
zation f said system, said at least on removable, 
gae-penneable container Is removed from said sys- 
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tem and spent C02-ab9ortent material from said con- 
tainer la regenerated for reuse in said soubber sys- 
tem, said regeneration Including at least periodically 
removing accumulated Group 1a metal caibonate de- 
posits. ^ 

In preferred embodiments of the present Inven- 
tion, said COrebsorbent material comprises gran- 
ules of a Group la metal hydroxide or a hydrate there- 
of, and wherein regeneration thereof comprises the 
steps of: ^0 

a) removing spent C02-absorbent material from 
said container and comminuting said material; 

b) thermally decomposing said material; 

c) hydrolysing the material from step (b) with wa- 
ter to reform the hydroxide which is obtained in 
the sdid phase, by means of crystafllzlng out and 
drying; 

d) comminution and granulation of the hydrated 
material to predetermined particle size and por- 
osity; and 

e) repacking the regenerated particles In a sGrut>- 
ber container for reuse. 

in other preferred enrtbodlments of the present in- 
vention, said COrabsorbent material comprises a 
solution of Group 1 a metal hydroxide in water absor- 
bed Into porous granules of an alkaH-reslstant mate- 
rial, and wherein regeneration thereof comprises inn- 
mersing the 8crubt)er container in a flowing stream of 
a Group 1a metal hydroxide-rich solution until all the 
absori^nt carrier granules have picked up fresh 
Group la metal hydrc»dde solutton, and draining the 
container of excess solution, whereafter said contain- 
er is ready for reuse. 

In these later embodiments. Group la metal car- 
bonate accumulates In saM regeneration solution af- 
ter several uses thereof, and thus the present method 
comprises the further step of slaking said regenerap 
tion solution with lime or barium hydroxide to remove 
accumulated Group la metal carbonate deposits 
therefrom, followed by filtering off Insoluble cart)on- 
ates. 

When said Group la metal hydroxide Is NaOH, 
the present method may alternatively comprise the 
further step of chilling the solution to at least -10<»C. 
whereupon sodium caibonate settles out followed by 
filtering off said sodium cart)onate. 

It has now also been found, especially for scrub- 
bere In mobile applications, that at CO2 breakthrough 
there still remains a substantial amount of granules In 
the scrubber bed that has hardly reacted, with most 
of the reaction having occurred in an outer layer 
through which air entere the bed. If the complete bed 
is replaced at this stage, poor utiiizatkm of the overall 
scrubber material Is realized. 

In light thereof, the present Inventfon now also 
provides a meth d for maximizing th effecth^ life 
and utillzatfon of carb n dbxide-absorbent material In 
a scrubber system for removing carbon dlQxid from 



a metal-air battery or fuel cell, comprising provkjing. 
In such a battery, a housing Including a gas inlet and 
a gas outlet and a plural Ity of gas-permeable contaln- 
re supported ins ri s across th flow path ofgas en- 
tering said inlet and exiting said outlet, each of sakl 
containers containing a carbon dioxide-absorbent 
nrmteriai and being indivMuaily Independently remov- 
able from said series, wherein, after a predetermined 
utilization of saki system, a first container ck»est to 
sakj gas Inlet is removed from said series and a sec- 
ond container from said series is repositioned in the 
place of said first container, while the material In said 
first container is regenerated as described herein. 

As will now be understood, in this embodiment of 
the present inventton. the scrubber bed is sub-com- 
partmentalized Into two or more iayere. When break- 
through occure. only the air-entry layer is removed, 
with means available (e.g.. sliding, rotational, spring, 
levere. gravitattonal, hydraulic pneumatic, manual, 
nriotorized, etc.) for repositioning the remaining lay- 
ers) to take the place of a removed layer within the 
scrubber, and such that a new layer may be Intro- 
duced Into the air-^t sMe of the scrubber. 

In the case of a ^no-air battery, where mechan- 
ical refueling of the zinc is required, for example, once 
per week, the scrubber material would be convenient- 
ly subdh/Med Into three equal Iayere, only one of 
which is replaced at weekly Intervals for reprocess- 
ing, and by this means only scrubber matsrial with a 
high level of chemical converston (above 80%) need 
be used. 

Thus, In especially preferred embodiments of the 
present invention, there is provided a method wherein 
saki scrubber is sub-compartmentalized Into a series 
of three separately removable and repositionable 
gas-permeable oontamera, wherein, upon removal of 
a first container, a second container Is repositioned In 
its place, whereafter a third container from said series 
Is rep(»itloned in place of saki second container, and 
a new container, containing fresh carbon dloxlde-ab- 
8ort>ent material, is posittoned In place of saki third 
container. 

In another embodiment of the present inventk>n. 
after partial utlllzatk>nof the COrabsorbent material, 
air feed conduits connected to said inlet and saki out- 
let are manually disconnected k)y the user and ex- 
change-reconnected thereto, for maximum utilization 
of the C02-absort)ent material before the regenera- 
tk>n thereof as described herein. 

In yet another embodiment of tfie present inven- 
tk>n, there Is provkied a removable, tubular, gas-per- 
meable container contelning a COrabsort>ent mate- 
rial between concentric inner and outer cylindrical 
walls thereof and creating a flow path from saki Inner 
to saki outer wall, wherein th areaofCOrabsortMnt 
material Increases along said flow path. 

Thescrubb r system of th present invention Is 
preferably based on the use of a coarse, granular type 
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C02-ab9orbent material (3-30 mesh), oomprfslng an 
alkali metal hydroxide ( .g.. sei cted from UOH. 
NaOH. KOH). Th hydroxid may be in the solid 
phase (either anhydrous or hydrated ftum), when ad- 
vantageously a certain minimum porosity ($0% mini- 5 
mum) of the granules will ensure good utilization of 
the inner portions of said granules. Alternatively, es- 
pecially when the air to the scrubber/ battery is pre- 
humidif led, the hydroxide may be In the form of an Im- 
pregnated phase as an aqueous solution (e.g.. 30-40 
wt.% MOH) absorbed on porous carrier granules of an 
alkali-resistant plastic ceramic or elastomer In foam, 
flock, chip or felt form. Examples of such materials are 
polyethylene, polypropylene, PVC. polystyrene, ny^ 
Ion, low^density brick, or rubber. 

If an aqueous solution of alkali metal hydroxide Is 
used to impregnate the carrier granules and the car- 
rier is sufficiently porous (at least 50%), the excellent 
hygroscopic properties of the hydraxkJe will ensure 
under humidified air an effective, qua^lquld phase 
at the granule surfeoe, enabling adequate use of the 
sub-siflface tayers as wefl for CO2 absorption. 

For regeneration of the scrubber material, there 
are two approaches, depending upon whether the 
scrubbermaterial Is used in the solid phase (prefened 
for LiOH-based scrubbers), oras asolution phase Im- 
pregnated on a porous carrier (preferred for NaOH, 
KOH-based scrubbere). if solid phase, the spent 
scrubber material (mainly the carbonate MfiOti, af- 
ter removal from the scrubber container, may be com- 
minuted and then decomposed thermally to ghre the 
metal oxide M2O. usually requiring a high- 
temperature roast step (900-1 4O0''C): 

M2CO3 ° M2O CO2 (3) 

The product M2O may be hydrdyzed with water 
to refenn the hydroxide, which is obtained in the solid 
phase by means of crystallization, drying and commi- 
nutton, and may then be regranuiated to give fresh 
solid MOH and repacked into the scrubber container. 
MaO 1- H2P - 2M0H (4) 

instead of using a themnal cycle, the spent MaCQs 
may be slaked with a iow-oost reagent such as lime 
(CaO) or calcium hydroxide [Ca(0H)2l In a wet proc- 
ess to refonnn MOH, which Is then obtained in the solid 
phase by separation of the precipitated CaCOs from 
the aqueous MOH phase using, for example, f lltratk>n 
followed by evaporatlon/gnanulatk>n. As an alterna- 
tive to lime or caidum hydroxide, barium hydrate is 
appiicabie. 

M2CO3 + CaO ^ H2O - 2M0H * CaCOs (6) 
M2CO3 ♦ Ba(0H)2 - 2M0H + BaCOs (6) 
The reacttons (4), (5) are exothermic and the heat 
evohfed may be usefully employed elsewhere. Addi- 
tionally, the CO2 ivoduct from (3) or th 
CaCOa/BaCOa (precipitated) product from (S) or (6) 
are recoverable for resal or reprocessing back to 
CaO, Ca(0H)2 r B8(0H2}, while a chemical indicator 
for showing CO2 saturation may b added at th final 



grenuiatton stag . 

If the scrubber n^terlal Is Impregnated as a sol- 
ution on a porous granular carrier, th element con- 
tolning spent material Is I ft soaking In a flowing ex- 
cess closed cyde wash stream of low carbonate- 
MOH solutbn until the carbonate content in the gran- 
ules has reached an acceptably low level, and after 
draining the element may be reused. The wash 
stream contelning both MOH and rejected MsCOs Is 
continuously or bateh purified by either physical 
means (only for NaOhl/Na^COs) by cooling to -lO^'C 
(when Na2C03 separates out by crysteilization), or by 
chemical means (slaking with lime or barium hydrate 
as in Equatton (5) or Equation (6) above). 

The invention will now be described in connection 
with certain preferred embodiments, with reference to 
the following illustrative figures so that it may be more 
f uDy understood. 

With specific reference now to the figures in do- 
tal 1, it is stressed that the particulara shown are by 
way of example an purposes of illustrative discussion 
of the preferred embodiments of the present inven- 
tion only, and are presented In the cause of providing 
what Is believed to be the most useful and readily un- 
deretood description of the principles and conceptual 
aspects of the invention. In this regard, no attempt is 
made to show structural details of the invention in 
more detail than is necessary for a fundamental un- 
deretanding of the inventk)n. the descriptk>n taken 
with the drawings making apparent to those sklDed in 
the art how the several forms of the invention may be 
embodied in practice. 

In the drawings: 

Fig. 1 1s a perspective view of a preferred embodi- 
ment of the scrubber system according to the in- 
vention; 

F^. 2 is a perepective view of an embodiment of 
a container therefor; 

Fig. 3 is a perspective view of a further embodi- 
ment of the scrubber; 

Fig. 4 a diagram of a scrubber system provided 
with airflow reversal means, and 
Fig. 5 is a perepective, fragmented view of a cyl- 
indrical embodiment of the scrubber. 
Referring now to the drawings, there is seen In 
F^. 1 a soubber system 10 for removing carbon dl- 
oxMe from a metal-air battery, such as the zino-air 
battery 12 shown. This is achieved by removing said 
carbon dioxkle from the air which is fed to the battery 
12 for use as an oxidant 

Ascrubber housing 14 is provided with a gas inlet 
16, through which air entere, containing, as is nomnal, 
about0.04%orcO2. Housing 14 is also provkled with 
a gas outlet 18, through which purified air passes on 
its way to be used in th battery 12. 

in Fig. 1, three gas-permeable contalnera 20a, 
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20bp 20c are supported in series across the flow path 
of gas, l.e., air, which enters inlet 16, passes in series 
through all th containers 20, and exits the scubt>er 
housing 14throughtheoutl^18.Eachofth contain- 
ers 20 holds a COi-absorbent nnaterial 22. Preferably, 5 
the C02-absorbent material comprises granular alkali 
metal hydroxide. A granule size of between 1 and 2 
millimeters diameter provides a suitable oonnpromlse 
between the conflicting requirements of piovldino a 
large surfece area and of ndnimlzing the pressure 
drop of the gas flow. 

in a further embodiment, the CQrabsorbent map 
terial 22 comprises aqueous allcali metal hydroxide 
absorbed on a porous carrier. 

The containers 20 are individually independently 
removable from said series, so that a oontainer hold- 
ing mateiial 22 which is chemically «chau9ted maybe 
removed and replaced by afresh oontainer. Advanta- 
geously, the arrangement allows the individual re- 
moval from said series of a first container 20a closest 
to the gas inlet 16, and the repositioning of a second 
container from said series In the place of the oontain- 
er 20a. As the first container 20a processes air which 
still retains its full chaige of CO2. it is this first con- 
tainer 20a which will first be chemically exhausted. 
The ak entering the container 20b will already have 
had a substantial part of Its original CO2 content re- 
moved, and thus oontainer 20b will therefore be able 
to continue functioning after exhaustion of container 
20a. The third container 20c can be repositioned in 
place of the second oontalner20b, upon repositioning 
of the second container 20b in place of the first con- 
tainer 20a, and a new oontainer positioned In place of 
the third oontainer 20c. 

in Fig. 1 there is also shown housing 14 wherein 
three containera 20 are arranged as a vertical stack 
26. Each lower container 20a, 20b directly supports 
an upper oontainer. in the vertical stadc 26, a suffi- 
cient degree of air sealing between vertically-adja- 
cent containere is achieved by using the weight of the 
full upper container 20c as a sealing force. 

Housing 14 Is provided with a lower side opening 
26 to allow removal of the lowest container 20a. An 
upper side opening 28 allows insertion of an upper 
container 20c. Restricter means 28 are provided fbr 
the retention In f lameworlc 24 of the Intermediate oon- 
tainer 20b. 

Container 20 is provided with two major opposite 
faces 32, which are air porous. A large number of 
apertures 34 are provided on each face 32, the aper- 
tures 34 being smaller than the size of the granules 
comprising the material 22. Handles 36 are provided 
for convenience of withdrawal of the oontainere 20 
from f rameworl^ 24. 

in operation, a blower 38, powered by the battery 
12, takes in air from the atm<»phere and forces this 
air through th scrubbersystem 10. where CO2 is re- 
moved. Th purified air Is then dl^ributed to the cath- 



odes of the Individual battery ceils and exits f rwn the 
battery 12. 

The battery is further provided with an air humid- 
If Icatlon unit 40 and a thermal management controller 
42. 

Refening now to Rg. 2, there is seen a container 
20, as described above, further com prying an attach- 
ed seal element 44, configured for reducing air leak- 
age between adjoining containere. The seal element 
44 Is advantageously made of a low-f rtetion elasto- 
mer, so that withdrawal of a oontalnermay be effected 
without excessive seal frictlonal resistance. 

Fig. 3 shows a rack 46. supporting a series of 
containera 46 In contacting horizontal formation. 
Each container is provided, on a f Iret side 50, with a 
male connector element 52, and on an oppc»Ite seo- 
ond side 54, with a corresponding female connector 
element 56. The sides 50. 54 have screens 55, suffi- 
ciently fine to retain C02-absorbent material 22. As 
shown, in connected formation the oontainere 48 form 
a substantially gas-tight series. 

The advantage of the horizontal series lies In that 
the containere 48 are easier to dlsoonnectfor purpos- 
es of replacement, as the series can be broken at any 
locatton by sliding the containers 48 atong the rack 
46. 

Fig. 4 depicts a further embodiment of a scrubber 
system 56. An air blower 36, having an outlet port 60. 
is connected to one port 62 of a four-way air vah^e 64. 
The remaining three ports 66, 68, 70 of the valve 84 
are respectively in fluid connection with both gas 
ports 18, 18 of the scrubber housing 14, and with the 
air inlet port 72 of the metal-air battery 12. 

In operation of thfo embodiment, the scrubber is 
used until its output contains an ur»coeptably h^h 
level of CO2. for example. 0.03%, resulting from 
chemical exhaustion of granules 22 near the scrubber 
air Inlet 16. The valve 64 is then operated, either by 
hand or by means of an automatic control, and the 
flow of air through the scrubber is thereby reversed. 
Due to air flow reversal, the granules which were pre- 
viously adjacent to the scrubber outlet 18 and are 
therefore still chemically active, are now adjacent to 
the air Inlet and now act to absorb CO2. Consequent- 
ly, the operating life of the scrubbersystem is extend- 
ed byafactx^ofabout 1.8. 

Referring now to Fig. 5, there is seen a scrubber 
in the form of a renwvable tubular container 74. An air 
inlet 76 Is connected through an end face 78 to an in- 
ner perforated tube 80, which Is concentric to the out- 
er cylindrical wall 62. C02-absorbent matsrial 22, al- 
lowing passage of air, is oontained In the space be- 
tween the Inner and outer walls. An outlet 84 for puri- 
fied air Is connected to the outer wall 82. As is appa- 
rentfromth geometry of th container74, an airflow 
path is created from the inn rtoth ut r wall, along 
which path the area of COrabsorbent material in- 
creases. A removable sealing cap 86 Is provld d at 
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n end of the oontalner 74. Removal of th cap 86 
aOows emptying ofcontalner 74 of xhausted material 
22 and refilling thereof with fresh niaterial 22. Ex- 
hausted material 22 In «nall quantifies is discarded: 
large quantities are, for economic and environmental 
reasons, chemically recharged for reuse. 

The Invention also provides a method for maxi- 
mlzir^ the effecth^e life and utilization of CC^absor- 
bent material In a scnibber system for removing car- 
bon dioxide from a metal-air battery orfuel cell, com- 
prising: 

Step A: providing, In a metal-air battery, a hous- 
ing including a gas inl^ and a gas outlet, and a 
plurality of gas-permeable containers supported 
in serira across the flow path of gas entering said 
inlet and exiting said outlet, each of said oontain- 
era holding a CQs-absorbent material and being 
independently removable from said series; 
Step B: removing from said series, after a prede- 
termined amount of use of said system, a firat 
container closest to said gas Inl^ and reposition- 
ing a second container in the place of the first 
container. 

A further embodiment of the method comprises: 
Step A providing. In a metal-air battery, a sub- 
compartmentalized system wherein there are 
three separately removable and repositlonable. 
gas-permeable containers; 
Step B: removing from said series, after a prede- 
termined amount of use of said system, a firat 
container closest to said gas inlet, and reposition- 
ing a second container in the place of the firat 
container 

StepC: repositioning a third container from said 
series in the place of said second container 
StepD: positioning a new oontalner, hoidlngfresh 
COrfibsorbent material , In the place of said third 
container. 

In a preferred embodiment of the Invention, an 
additional step is added: 

Step E: Regenerating and repacking spent COrsb- 
sorbent material from said first container, for reuse In 
said scrubber system. 

Regeneration of the material has eodogicai ad- 
vantages and. where large quantities of oontalnera 
are collected, will also be of economic advantage. 

in a further preferred embodiment of the Inven- 
tion, an additional step Is inserted between Step A 
and Step B: 

Step A-1: After partial utiibuition of the CQrabsor- 
bent material, atrfeed conduits connected to«ild inlet 
and said outlet are manualiy disconnected by the user 
and are then exchange-reconnected thereto. 

As explained above, th oonsequ nt reversal of 
the airflowwill improve utilization of th overall COr 
absorbent scrubber material. 

It will be evident to tiiose skilled In tiie art that tiie 
invention is not limited to the details of tiie foregoing 



illustrated mbodlments, and that th present inv n- 
tlon may be embodied In other specific forms without 
departing from the spirit or essential attributes there- 
of. Th present embodiments are th reforetobeoon- 

5 sidered In ali respects as illustrative and not restric- 
tive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing de- 
scription, and all changes which come within the 
meaning and range of equivalency of the daims are 

io therefore Intended to be embraced therein. 



Claims 

15 1. A method for maximizing the effective life and 
utilization of COs-absorbent material In a scrub- 
ber system for removing carbon dioxide from an 
air Inflow to a metal-air battery or fuel cell, com- 
prising: 

20 providing, in such a battery, a housing in- 

cluding a gas inlet, a gas outlet and at least one 
removable, gas-permeable oontalner containing 
a C02-absort)ent material, said container being 
positioned across the flow path of gas entering 
2S said inlet and exiting said outiet; 

wherein, after a predetermined utilization 
of the ^stem, said at least one removable, gas- 
permeable container is removed from said sys- 
tem and spent COrsbsorbent material from said 
30 container is regenerated for reuse in said scrub- 
ber system, said regeneration including at least 
periodically removing accumulated Oroup 1a 
metal carbonate deposits. 

38 2. Amethod according to daiml, wherein said CO2- 
absorbent material comprises granules of a 
Group 1a metal hydroxide or a hydrate thereof, 
and wherein regeneration thereof comprises the 
steps of: 

40 a) removing spent COx-absorbent material 

from said container and comminuting said 
material; 

b) thenmally decomposing said material; 

c) hydrolyzing the material from step (b) with 
45 water to reform the hydroxide, which Is ob- 
tained in the solid phase by means of crystal- 
llzlng out and drying; 

d) comminution and granulation of the mate- 
rial from step (c) to predetermined partide 

60 size and porosity; and 

e) re(»cking tiie regenerated particles in a 
scrubber container for reuse. 

3. A metiiod according to daim 2, wherein said re- 
58 generated material Is comminuted and granulat- 
ed to granules of 3-30 mesh size, and padced 
witti a porosity of at least 50%. 
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4. A method aocording to daim 1 , wherein said COr 
ab90rt}ent material comprfees a solution of Group 
la metal hydraxld In waterabsoft)ed Into porous 
granules of an alkali-resistant mateiid, and 
wherein regeneration thereof comprises: 8 

Immersing the scrubber container in a 
flowing stream of a Group la metal hydroxide- 
rich solution until all the at»orbent canler gran- 
ules have picked upfrssh Group lametai hydrox- 
ide solution, and io 

draining the container of excess solution, 
whereafter said oontainer is ready Ibr reuse. 

5. A method according to daim 4, wherein said 
granules have absorbed therein a solution having 19 
a solutton strength of about 20-45 weight % 
Group la meted hydroxide, and havea porosity of 

at least 50%. 

0. A method according to daim 4, wherein said Im- 20 
merston Is carried out in a dosed system. 

7. A method according to daim 4, wherein said car- 
rier material Is selected from the group consisting 

of granules of polyethylene, polypropylene, poly- 25 
vlnylchloride, pdystyrene. nylon, tow-density 
brick, and rubber. 

8. A method according to daim 4. comprising the 
further step of slaking said regeneratkm solutk>n 30 
with lime, calcium hydraxUe. or barium hydroxide 

to remove accumulated Group la metal carbon- 
ate deposits therefrom, followed by filtering off 
insohibie carbonates. 

35 

9. A method according to daim 4. wherein said 
Group la m^ hydroxMe is NaOH, and oomprls- 
ing the further step of chilling the solution to at 
least -10°C, whereupon sodium carbonate set- 
tles out. fbllowed by filtering off saM sodium car- 40 
bonate. 

ID. A method according to claim 1, comprising: 

providing a plurality of gas-permeable 
contalnere, supported In series across the Ikm 45 
path of gas entering saM Inlet and exiting said 

outlet; 

each of said containers containing a COr 
absorbent material and being Indhridually Inde- 
pendently removable from sakJ series, and go 

wherein, after a predetennined utliizatkHi 
of the system, a first oontainer closest to said gos 
Inlet Is removed from said series and a second 
container from said series is repositioned In th 
plac of saM first container. 68 

11. A method according to daim 10, wherein said 
system Is sub-oompartmentailzed Into three sep- 



arately removabl and reposittonable, gas-per- 
meable containera: 

wherein, upon removal of said f Irat con- 
tainer, said second container Is reposltk>n din its 
place, whereafter a third container from said ser- 
ies Is repositioned in place of said second con- 
tainer, and a new container, containing fresh 
CQrabsorbent materiat, is positioned in place of 
saM third container. 

12. A method according to claim 10, wherein, after 
partial utilization of the CX)2-absort)ent material, 
air feed conduits connected to sakJ Inlet and sakl 
outlet are manually disconnected by the user and 
exchange-reconnected thereto. 

13. A method according to daim 10, ocxnprising pro- 
viding a removable, tubular, gas-permeable con- 
tainer, containing a C02-absorbent material, be- 
tween concentric inner and outer cylindrical walls 
thereof, and creating a f k)w path from said inner 
to said outer wall, wherein the area of C02-absor- 
bent material Increases along sakJ flow path. 

14 A scrubber system for implementing the method 
of daim 1, comprising: 

a housing induding a gas Inlet and a gas 
outlet; and 

a plurality of gas-permeable containers, 
supported in series across the flow path of gas 
entering said inlet and exiting saM outlet; 

each of said oontalnere containing a CO2- 
absorbent material and being Individually inde- 
pendently removable from said series. 

15. A scrubber system for implementing the method 
of daim 14, further comprising means enabling 
the individual removal f rcxn said series of a first 
container closest to said gas inlet and the repo- 
sitioning of a second container from saM series 
In the place of said first oontainer. 

16. A scrubber system for implementing the method 
of daim 14, further comprising a seal element at- 
tached to each oontainer, configured for redudng 
air leakage between a^oining oontalnere. 

17. Ascrubber system according to daim 15, further 
comprising means enabling the repositioning of a 
third container in the place of saM second con- 
tainer, upon the repositioning of sakJ second con- 
tainer in the place of sakl f iret container. 

18. Ascrubbersystemacccmllngtodalm 15, wherein 
saM means comprises a housing wherein sakl 
containera are arranged as a vertical stack, each 
lower contain r directly supporting an upper con- 
tainer 
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said housing b Ing provided with a lower 
Sid opening to allow removal of the lowest con- 
tainer, an upper side opening to allow Insertion of 
an upper container, and restrictor means for the 
retention in said housing of atleastone intsmnedi- 5 
ate container. 



tain r,sa!ds oond container is repositioned in its 
place, whereafter a third container from said ser- 
ies b repositioned In place of said second con- 
tainer, and a new container, containing fresh 
CQr^bsortent nrtaterial. Is positioned in place of 
said third container. 



19. Ascrubbersystemacoordingtoclaim 15. wherein 
said means oomprfses a ladc supporting said 
containera in contacting horizontal formation, 
each container being provided on a first side with 
a male connector eienrrant and on an opposite 
side with a corresponding female connector ele- 
ment; 

whereby said containere may be connect 
ed to torn a substantially gas-tight series. 



29. A method according to dalm 1, wherein, after 
partial utilization of the COs-absoilMnt material, 
10 air feed conduits connected to said inlet and said 
outlet are manually disconnected by the user and 
exchange-reconnected thereto. 



20. A scrubber system according to claim 14. further 
comprising an air blower having an outlet port, 
and a four-way air valve, the ports of said valve 20 
being respectively in fluid connection with both 
gas ports of said scrubber housing, with the blow- 
er outlet port and with the air Inlet port of said met- 
al-air battery or fuel cell. 

25 

. 21. Ascrubber system aooonJing toclaim 14. wherein 
said COr^bsoibent maferiai comprises granular 
alicaii metal hydroxide. 

22. A scrubber system according to daim 1 , wher^n so 
said COrabsortient material comprises aqueous 
aiicali metal hydroxide absoibed on a porous car- 
rier. 

23. Amethod according toclaim 1, for maximizing the ss 
effective life and utilization of CQ2-ab8orbent 
material In a scrubber systsm for removing car- 
bon dioxide from a melal^ir battery or fuel cell, 
comprising: 

providing. In such a battery, a housing in- 40 
duding a gas inlet and a gas outlet, and a plurality 
of gas-penneabie containers, supp<xted In series 
across the flow path of gas entering said Inlet and 
exiting said outlet; 

each of said containere containing a COr 48 
absorbent material and being indMdually inde- 
pendently removable from said series, and 

wherein, after a predetermined utilization 
of the system, afirstcontainerclosest tosaid gas 
inlet is removed from said series and a second eo 
container from said series Is repositioned In the 
place ctf said f irat container. 

24. A method according to dalm 10, wherein said 
system to sukHXHnpartmentaiized into three sep- 55 
arateiy removable and repositionabie gas-per- 

m able containers; 

wherein, upon renfioval of said firet oon- 
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EP 06 77 883 (equivalent: US 5,595,949) 

Scrubber system for removing carbon dioxide from a metal-air or fuel cell battery 

A method for maximizing the effective life and utilization of C02-absorbent material in a 
scrubber system (10) for removing carbon dioxide from an air inflow to a metal-air battery 
(12) or fuel cell comprises providing, In such a battery, a housing (14) Including a gas In- 
let (16). a gas outlet (18), and at least one removable, gas-penneable container 
(20a,20b,20c) containing a C02-absorbent material (22), the container being positioned 
across the flow path of gas entering said inlet and exiting said outlet. After a predeter- 
mined utilization of the system, the at least one removable, gas-permeable container is 
removed therefrom and spent C02-absorbent material from the container is regenerated 
for reuse in the scrubber system, the regeneration Including at least periodically removing 
accumulated Group 1a metal carbonate deposits. 



